Although the value of Information Technology (IT) certifications has been widely debated in the IT industry, academia has largely ignored the issue. This study intends to bridge such a gap. Anchored on human capital theory and previous literature, we build a comprehensive model to estimate the value of various IT certifications in terms of their contributions to IT professionals' wages. We estimate our model using third-party survey data. The three main findings from the study are: 1) IT certifications are valuable in general; 2) there is a substitution effect between IT certifications and education and between IT certifications and experience; and 3) the value of IT certifications are job and industry specific. In addition, we estimate wage premiums of various IT certifications in the study. From these findings, we draw managerial implications for current and future IT professionals, IT managers, and human resource managers.
I. INTRODUCTION
The accelerated pace of change in the Information Technology (IT) industry and the increase in global competition for IT-related work has intensified during the past decade. This has prompted employers to place an increased premium on employees with high levels of transferable skills. As a result, there is great need for individuals who can manage their own continuing education and career path [Buckley et al. 2004] .
Rapidly evolving technology creates a need for highly skilled individuals to apply, support, configure, and adapt IT products and services. Hence, employees need to constantly update existing, and acquire new knowledge and skills. America (ITAA) Workforce Development Survey of hiring managers indicates that the best methods for internal advancement include both participation in formal on-the-job training (56 percent) and certification programs (55 percent). Seventy one percent of survey respondents said certification or continuing education is either important or very important for advancement [ITAA 2004] .
In spite of the well-established notion that an IT certification is valuable, especially from the popular press [Roberts 2002; Sosbe 2004; Sosbe et al. 2005] , the question of how to quantify such value has not been fully addressed in the existing IT Human Resource (HR) literature [Pratt 2005] . A few studies discuss how to incorporate IT certifications into the teaching curriculum in high schools, community colleges, and universities [Adelman 2000; Al-Rawi et al. 2005; Ray et al. 2000; Vedder 2004; Zeng 2004] . Other studies assess the value of IT certification from the HR managers' perspective [Anderson et al. 2002; Cegielski 2004] by gauging how much certifications are valued in relation to hiring decisions.
In this study, we attempt to answer the value proposition of IT certification from a different perspective. Specifically, we investigate the extent to which certain IT certifications contribute to its holder's salary. We believe that the answer to the value question of IT certifications has both theoretical and practical implications. These findings will enlarge the existing knowledge base in the IT human resource management area. In addition, individuals who are pursuing an IT career can use these findings to help manage their continuing education and career path.
To answer the above question, we estimate a human capital model using a cross sectional dataset in different industries and for different job functions. Human capital theorists have long regarded education, experience, and training as determinants that justify the wage an employee receives [Mincer 1962 [Mincer , 1974 . One of the difficulties with operationalizing training in the human capital model is the lack of concrete measurements to determine the effectiveness of IT training. In this study, we use the acquisition of an IT certification as a proxy for the effectiveness of training and incorporate it into a traditional human capital model. IT certifications represent a standard measurement for specific IT skills [Al-Rawi et al. 2005] , and IT certification programs are considered by many to be responsive to industry needs and provide up-to-date, relevant training for continuously changing skill sets [Randall et al. 2005 ].
This paper is organized as follows. First, after reviewing the human capital theory and literature on value of certifications, we propose a general model for assessing the value of IT certifications by job function, industry and specialty. Second, we discuss the survey used in this study and the resulting dataset. Third, we estimate our model using the described data. Finally, we discuss the managerial and personnel implications of our findings.
II. THEORETICAL FRAMEWORK AND RESEARCH QUESTIONS
Human capital theory suggests that education and training are the most important human capital factors, and differences in them lead to wage variance among workers [Becker 1975 ]. Human capital theorists believe that education represents an investment. By going to school, one has to incur both direct costs in the form of tuition and opportunity costs in the form of foregone earnings. In order to make up for these costs, lifetime earnings for workers who have attained additional education are sufficiently higher [Mincer 1957 [Mincer , 1958 [Mincer , 1962 Schultz 1960 Schultz , 1961 . A 2004 U.S. Department of Labor 2004 report substantiates this claim. The report states that workers who are at least 18 years old without a high school diploma earn an average wage of $18,734 a year; those with only a high school diploma earn an average of $27,915; those with a bachelor's degree earn an average of $51,206; and those with an advanced degree make an average of $74,602 [U.S. Department of Labor 2004] .
Formal education is only one method of investing in human capital. Employers often find that college graduates are not fully prepared when they enter the workforce, requiring the employer to fund formal and informal training programs [Becker 1975 ]. For example, on-the-job training is Information Technology Wages and the Value of Certifications: a Human Capital Perspective by J. Quan, R. Dattero, and S. Galup one of the most common training methods. On-the-job training enables a worker to acquire versatile skills, knowledge, and expertise that are usable or salable across firms and industries. Training programs generally aim at increasing an employee's productivity, and the competitive market implies that the more productive employee will be paid accordingly at a higher rate [Mincer 1957 [Mincer , 1958 [Mincer , 1962 Schultz 1960 Schultz , 1961 .
The problem is how to measure the knowledge, skills, and expertise acquired during the training. Traditional human capital theory uses work experience as a proxy, because one accumulates knowledge, skills, and expertise while working. The resulting human capital model states that wages are a function of education and experience [Mincer 1974] .
In this paper, we extend the traditional human capital model by incorporating a new form of training, which takes place when one goes through a certification program. Becoming certified allows IT professionals to acquire additional knowledge and skills [Zeng 2004 ]. This added knowledge and skills can be either firm-or industry-specific. Labor economists [Neal 1995; Parent 2000] have long established that workers should be compensated for their firm-specific and industry-specific skills. Broadly speaking, certifications can be classified into two types, vendorspecific and vendor-neutral. Vendor-specific certifications such as Microsoft, Red Hat and Cisco provide certification examinations for their own products. Normally these types of certifications are narrowly focused and/or driven by commercial motives. Acquiring a certification in one of these areas enhances vendor-specific knowledge and skills. Vendor-neutral certifications, on the other hand, focus on foundational concepts relative to underlying technology and not on a particular vendor's product [Randall et al. 2005] . Some notable generic certification bodies include the National Association of Communication Systems Engineers (NACSE), the Computing Technology Industry Association (CompTIA), and the Institute for Certification of Computing Professionals (ICCP). They provide "vendor-neutral" certifications that cover many products and concepts, are developed by a wide range of experts in a particular field, and encompass a broad range of skills and abilities [Adelman 2000 ].
The value of IT certifications has been widely debated in the IT industry [Roberts 2002; Pratt 2005] . Academia has largely ignored this topic except for general discussion regarding whether to incorporate vendor-specific certifications in teaching curricula [Adelman 2000; Brookshire 2000; Ray et al. 2000; Zeng 2004] . The proponents for the value of certifications argue that preparation for certifications provides IT professionals with a chance to learn new technology or acquire new knowledge of existing technology leading to increased levels of expertise, productivity, credibility, and marketability, which results in higher compensation [Anderson et al. 2002; Zeng 2004] . This assertion is confirmed by a survey conducted in 2004 by Certification Magazine, an IT industry publication. In addition to higher average salaries compared to those who were not certified, a large percentage of certified respondents reported receiving a raise of up to 15 percent in the first year after receiving their primary certification. Almost half of the respondents believed that their primary certification played a significant role in earning the salary increase [Sosbe 2004 ]. Still, there are some employers and educators who see little value in certifications, since certifications are not accredited, have no single standard, and are not uniformly recognized among employers [Zeng 2004] . Some argue certifications have become "watered-down and diluted" as the number of certifications and third-party centers have grown [Pratt 2005 ]. This debate leads to our first research question:
Research Question #1: Are IT certifications valuable?
The relationships between certifications and education; and between certifications and experience are also widely debated areas among both academicians and practitioners. Adelman [2000] asserts that, in general, certifications replace neither experience nor degrees obtained via formal education. Bartlett [2002] states that individuals entering the IT workforce lacking formal education may find their employment to be short-lived with limited career opportunities. Some, however, outright question the value of higher education and argue the merits of alternatives, such as professional certifications [Vedder 2004] . Zeng [2004] points out that certified professionals satisfy the identified characteristics and are considered professionals regardless of whether or not they have a college degree. Realizing the complementary nature of IT certifications to formal education, a number of researchers [Peslak 2005; Randall et al. 2005; Zeng 2004 ] suggest incorporating IT certifications into both secondary and post-secondary curricula. They argue that education alone is not sufficient to develop full professional capabilities in the IT industry. Due to the rapid changes in technology and associated changes in the knowledge base, technical skills depreciate quickly and technologies have short lifecycles. This makes it difficult for educational institutions to deliver relevant and up-to-date IT education [U.S.
Department of Labor 2004].
With respect to the relationship between certifications and experience, the debate centers around which one of the two is more important. Some regard certifications as almost immaterial without proper experience, while others think certifications are a great complement to experience [Roberts 2002 ].
Although IT certifications do not replace education or experience completely, an ITAA Survey [ITAA 2004] found that hiring managers preferred a combination of relevant experience (46 percent) and a four-year degree (41 percent) in a related field. In contrast, vendor specific certifications were of lesser importance in the hiring process (14 percent). This is consistent with the findings by Anderson, Barrett & Schwager [2002] that indicate that HR managers place a 40-percent hiring weight on education and experience each and 20 percent on IT certification. This accepted business practice suggests that IT certifications have a complementary role to education and experience. As a result, we formulate our next two research questions as follows:
Research Question #2a: Is there a substitution effect between IT certifications and education?
Research Question #2b: Is there a substitution effect between IT certifications and experience? Anderson, Barrett, and Schwager [2002] suggest a variable called "willing to pay" [WTP] for future research regarding the value of certifications. To operationalize this variable, we use individuals' salaries as a proxy. Anderson, Barrett, and Schwager [2002] also suggest studying the influence of different IT functions and/or specialties on the value of certifications. Labor economists [Neal 1995; Parent 2000 ] often specify firm-specific and industry-specific skills in their human capital modeling. Because certifications are highly job-specific and industry-specific, we ask our next set of research questions: In summary, we formulate our model in which the natural logarithm of earnings is a function of a measure of schooling, a measure of experience, possibly other factors, and a random disturbance term. This is based on Roy's [1950] research in which he related earnings distributions to the distributions of the underlying abilities. Later work by Mincer [1974] showed the regression equation for wages is linear in education but quadratic in experience (The wages function is concave in experience because as experience increases, earnings cannot increase indefinitely). In addition to the formal education and experience factors considered from human capital theory, we add specific certifications to this model. Further, we add some often used control variables, including age, gender, company size, and location, to the model [Ang et al. 2002; Gallivan et al. 2005; Neal 1995; Parent 2000] . Our model is graphically depicted in Figure  1 . And, our model is algebraically represented as
where edu = education, exp = experience, CV = control variables, and , we need to convert some of the variables in the survey into numerical values. For interval data, the mean value is used. For example, for the salary range of $20,000 to $24,999, it is converted to $22,500, the mean of the range. The detailed conversions are given in Appendix II. One of the difficulties associated with the conversion is that some of the variables have open intervals such as "less than" or "more than." For example, "Under 1 year" and "More than 20" are used for the Experience variable. We exercised extreme caution in choosing a proper value. Further, the percentages for such open interval variables are relatively small. So we are confident that our model results were not significantly impacted. Since there are 84 certifications in the dataset, it is impractical to include all of them in the analysis. We identified in Table 2 the top 10 IT certifications based on various sources [Nagel 2003 Tittel 2003 ]. We can broadly classify them into five categories: Security, Database, shown in Table 4 and those with 25 years are shown in Networking, Programming, and Project Management. We included these 10 certifications in our regression analysis.
It is clear that not all certifications are relevant to the above nine job functions. For example, database related certifications such as Oracle9i DBA Certified Professional [OCP] are not essential for LAN/Network Systems professionals. Based on our best judgment, we matched the job functions with the relevant certifications. The matching is reported in Table 3 . Table 3 . Job Functions and Certifications
Top Job Functions Certifications
Computer 
IV. MODEL ESTIMATION AND RESULTS
We conducted our analysis in two steps. First, we estimated Equation [1] , the human capital model, with the control variables only. We then added the relevant certifications based on industry norms of the top 10 certifications by job category (see Table 3 ) to the regression model for job function. For industries, we added all the top certifications following the same approach. The justification for the inclusions of the additional variables was the increase of the proportion of , was adjusted to the degree of freedom and may not always increase in value when more variables were added. The results for the job functions and industries were reported in Tables 4 and 5 , respectively.
JOB FUNCTIONS

Human Capital Model
We first examined the human capital models with only the control variables. The F-ratios for all regression models were significant at the 1 percent level. Both education and experience were significantly positively associated with salary. Education was significant at the 5 percent or better and experience was significant at the 1 percent level for all job functions. The coefficients of experience were consistently higher than those of education. This underlined the importance of experience in IT jobs. The negative and significant (at the 1 percent level) signs for experience square for all jobs were consistent with human capital theory. Hours worked per week had a strong positive association with salary. It was somewhat surprising that job tenure is only significant for support personnel (β=0.013, p=0.01).
For each job function, gender was not significantly associated with salary because of the insignificant gender coefficients. For eight out of the nine job types, the age coefficient was insignificant, so older IT professionals received similar compensation for their human capital attributes. The exception is in support in which on the average older IT professionals were in lower wage ranges (β=-0.005, p=0.05) than their younger counterparts.
In terms of company size (large companies being the base), IT professionals were paid significantly less in small companies. The job of software/application developers was an exception where the difference was insignificant (β=-0.059, p>0.10). In general, IT professionals were also paid significantly less in medium-sized companies except for computer-relatedconsulting (β=0.014, p>0.10) and system analyst (β=-0.069, p>0.10). In addition, IT professionals in small firms were consistently worse off in terms of salary than those in medium-sized firms except for software development (β small =-0.059, p>0.10, and β medium =-0.012, p=0.01) and data communications (β small =-0.155, p=0.05, and β medium =-0.166, p=0.01).
Finally, in terms of region (the South being the base), the West and Northeast of the U.S. were consistently the highest paying regions for professionals in all IT jobs. The salary differences between the South and Midwest were insignificant except for computer related consulting (β=0.126, p=0.05), and LAN/Network Systems (β=0.077, p=0.01).
Human Capital Model with Certifications
Based on the matches between the job functions and the certifications in Table 3 , we added the relevant certifications to each model. The results are reported in Table 4 . The inclusion of the relevant certifications led to increases in the adjusted R 2 s for all regressions. This indicated that certifications contributed to explaining more variances, and therefore it was appropriate to be included in the human capital model. The largest increase of 32 percent (from 0.174 to 0.230) was in LAN/Network Systems and the smallest increase of 1 percent (from 0.169 to 0.171) was in Software Application Development 2 .
INDUSTRY
The industry-specific results associated with industry in Table 5 were very similar to those with job functions in Table 4 . The coefficients for education, experience, and experience squared in most of the industries were consistent with the human capital theory. The only exception was that Information Technology Wages and the Value of Certifications: a Human Capital Perspective by J. Quan, R. Dattero, and S. Galup education was not significant in manufacturing (β=0.015, p>0.10). Job tenure was not significantly associated with wages in any industry. Gender mattered significantly in only two industries: Education and Finance/Banking/Accounting where males made about 12 percent (e 0.117 -1) and 10 percent (e 0.092 -1) more than their female counterparts did in these two industries, respectively, given their human capital attributes. In the education industry, age also mattered significantly because older workers commanded a premium of 4 percent (e 0.004 -1). In general, higher pay was associated with firm size --the larger the firms, the higher the wages for IT professionals. There were four exceptions: 1) in consulting, the distinction did not appear significant (β small =-0.038, p>0.10 and β medium =-0.106, p>0.10); 2) in government, IT professionals in medium-sized were paid similarly to those in the larger ones (β medium =-0.049, p>0.10); 3) in software development, small firms paid IT workers similarly to large ones (β small =-0.069, p>0.10), while medium firms paid less than large ones (β medium =-0.113, p=0.05); and 4) in manufacturing, medium firms paid similarly to larger ones (β medium =-0.035, p>0.10).
Higher wages were consistently associated with IT professionals in the northeast region as opposed to those in the South (the base) for all industries with the health/medical services (β NE =0.058, p>0.10) as an exception. The West was the second best in all industries except for government (β west =0.050, p>0.10), finance (β west =-0.013, p>0.10), manufacturing (β west =0.107, p>0.10), and health/medical services (β west =0.047, p>0.10). When compared to the South, IT professionals in the midwest region were better off in education (β MW =0.144, p=0.01) and computer related distributor (β mw =0.167, p=0.05).
After the block of the top 10 certifications were added to each model, all adjusted R 2 s increased for all regressions. The largest increase of 19 percent (from 0.186 to 0.221) was found in the government sector, whereas the smallest increase of 2 percent (from 0.231 to 0.236) was found in software development. This indicated that certifications contributed to explaining the variances and should be included in the human capital model.
VI. DISCUSSION
Before we discuss our results, we reiterate our three research questions: Tables 4 and 5 indicate that overall at least one certification was significant at the 5 percent level or better for each of the nine job functions and nine out of the ten industries (Software/Software Development was an exception). On the average, 2.8 certifications were valuable for the job functions and 1.9 certifications were valuable for the industries. This is consistent with other studies, [Anderson et al. 2002; Sosbe 2004; Zeng 2004] . Therefore, we concluded that IT certifications were valuable in general.
The inclusion of the certifications lessened the contributions of education and experience to wages for the industries and for the job functions. Nearly all coefficients of experience and education decreased in the models when the certifications were included. The only exception was for job function software application development, in which the coefficients β edu =0.022 and β exp =0.085 were unchanged. It is worth mentioning that in two industries, consulting and software development, education actually became insignificant after the certification variables were added. This result requires further exploration. The nature of these two industries leads us to believe that experience is valued more highly than education because consultants and software developers learn much of their skills and knowledge from hands-on experience. For example, when a highranked government official retires, he or she can easily find a consulting job regardless of education. The big differentials between the coefficients of education and experience for these two industries in Table 5 confirm this. Since certifications reflect, to a large degree, the acquisition of new skills and knowledge, the credential from being certified along with experience marginalizes the effect of education. This is consistent with Vedder's [2004] argument in which he suggests using alternative forms of certification to substitute in part the university degrees to counter the rapid rising of higher education tuition in the U.S.
The above findings provided an affirmative answer to our second research question that a substitution effect between IT certifications and education and between IT certifications and experience existed.
The value of each specific certification varied across job functions. Table 6 shows that 1) the Certified Information System Security Professionals (CISSP) was positively associated with salary for all relevant jobs (with support jobs as an exception); and 2) its premiums were different across jobs. Recall that premium is defined as the salary contribution of possessing a certain certification. Mathematically, it equaled (e β -1). Table 6 shows that the largest premium of such a certification (46 percent) was found for data communications/ telecommunications professionals and the smallest premium of 14 percent was found for systems engineering, integration, and technical services. It is interesting to see that CISSP carries higher premium for computer related consulting jobs than for networking related ones. At face value, this may appear counterintuitive. One possible explanation is that in the wake of the 9/11 attacks and the widespread concerns for consumer privacy protection and data security in the marketplace, more and more small and medium-sized enterprises (SME) start to take security seriously. Given the fact that demand for security professionals greatly outstrips their supply, SME often do not have adequate in-house professionals to implement security systems. As a result, they will rely heavily on outside consultants for such tasks.
The premiums of the certifications for the various job functions were reported in -1) when compared to CISSP that was significant for the seven jobs in Table 6 . MCSE-S was found significant for LAN/Network Systemrelated jobs, but with a wrong sign (the negative sign may be due to its relative weakness in comparison to other more established security certification programs). Overall, the nature of security may explain the reason that vendor-neutral security certifications were more valuable than vendor-specific ones. That is, security is an industry-wide issue and knowledge across various security platforms is more desirable than the one related to product lines of a particular vendor. Table 8 provides the wage premiums of the specific certifications in the industries. Both the number of certifications of positive premiums and the magnitudes of the premiums were different across industries. For example, OCP had positive and significant premiums in all industries except software development and telecommunications, while the premium of MCDBA was limited to only the health/medical services sector. The largest premium of 73 percent was found in CCIE for general consulting while the smallest premium of 14 percent was found both in CISSP for government and in OCP for education. Again, the premium of CCIE for consulting is higher than that for networking-related industries. This is consistent with the findings in Table 7 . This may be attributed to the consulting industry valuing credentials more than industries. When a Information Technology Wages and the Value of Certifications: a Human Capital Perspective by J. Quan, R. Dattero, and S. Galup consultant's business card has various certification abbreviations listed, the consultant looks much more impressive and as a result, more likely to get the contract than a person without the various certification abbreviations listed. Thus, the value of certifications varies across industry. The findings in both Tables 7 and 8 provided an affirmative answer to our research questions 3a and 3b that the value of IT certifications is job specific as well as industry specific.
In addition, we found that some certifications, i.e. CISSP, CCIE, OCP, and RHCE, have appeals across jobs and across industries. Among them, only CISSP is vendor neutral. They each address fundamental aspects of information systems: security, networking, database, and open source software. Given that the skills in these four areas are highly transferable, it is not surprising to see that all four certifications are attractive for various jobs and industries. This suggests that employers value certifications that concentrate on technology specific topics and place an increased premium on employees with high levels of transferable skills. Computer Related Distributor 44% Note: CCSP, MCSE-S and PMP were insignificant at the 5% level or better for all industries. It is worth noting that this study did not find that the Project Management Professional (PMP) certification was significantly associated with wage. 3 This is somewhat counterintuitive. As today's IT projects become increasingly complex and costly, project failure rates have been high. A KPMG report shows that 86 percent of respondents from 600 organizations across 22 countries had IT project outcomes that "fell short of planned expectations" [KPMG 2005 ]. To improve the chances of success with such projects, project management has emerged as an important discipline in organizations, [Beise, Quan, Papke-Shields 2006] . To reflect this industry trend, many universities have introduced project management courses. Unfortunately, in our sample, there were not enough data points (only 80 respondents reported having PMP certification) to discern the impact of PMP certification. This, by no means, implies that PMP is unimportant. To examine the full impact, more awareness of the certification program and more specified data collection method may be warranted.
VII. CONCLUSIONS
This study investigates the contribution of different generic and vendor specific certifications to the overall wages of IT professionals across multiple job functions and industries. We anchor our study on the Human Capital Theory, which states that education, experience, and training independently and collectively contribute to an employee's wages when controlled for firm size and location, and personal characteristics, such as age and gender. The three main findings are: 1) certifications are, in general, valuable; 2) certifications can partially substitute for education and experience; and 3) premiums of certifications are job-and industry-specific.
Based on existing literature and the nature of the data, we selected 9 job functions, 10 industries, and 10 popular IT certifications in the study. We isolated the effects of certifications on wages in the following way. We first estimated our models without certifications. Then we added the block of the relevant certifications to the models. The inclusions of additional certification variables increased the adjusted R 2 s for all models. This suggested that adding certifications into the models explained more variances. After adding the certifications into the models, we found that the magnitudes of the coefficients of education and experience in all models decreased. In some cases, education was no longer significant. This suggested that the contributions of education and experience to wages were lessened by certifications. As a result, we concluded that there is a substitution effect between education and certifications, and between experience and certifications.
Our results suggested that at least one certification was positively associated with wages in each of the 9 jobs and 10 industries. For some jobs and industries, multiple certifications carried a wage premium. On the average, 2.8 certifications had significant value for the job functions and 1.9 certifications for the industries. Our results also suggested that the value of certifications was both job specific and industry specific. Not only the number of certifications that had positive premiums, but the magnitudes of the premiums varied across job functions and industries.
The following implications may be drawn from this study. First, current IT professionals should realize that certifications can be valuable. IT professionals who want to advance their career should seriously consider being certified in their area(s) of specialization. The training time needed to acquire a certification may substitute for the foregone experience they may have accumulated otherwise, because of the substitution effect between certification and experience. Second, people who would like to pursue an IT career may want to assess the tradeoffs between getting a formal education and getting an IT certification, because our findings indicated that some certifications have higher premiums than education. Third, both current and future IT professionals should also be mindful that certifications are highly job-specific and industry-specific when deciding on which certifications to pursue. Fourth, when evaluating employees and making decisions about new hires, employers should have a balanced view of the value of education, experience, and certifications.
Although this research identifies the value of IT certifications, caution should be exercised. IT certifications indicate drive, knowledge, and, to a degree, technical skills, but most of them do not necessarily measure business skills, especially the ones in this study. Numerous studies [Todd 1995; Peslak 2005] suggest that IT professionals who possess both business and technical skills have the highest competitive advantage. Given the trend of IT outsourcing, business skills such as communications and interpersonal skills are more important than ever Margulius [2006] . Executives, hiring managers, and IT professionals at all levels should consider IT certifications as just one part of the overall picture.
Given the rapid changes in technology and associated changes in the knowledge base, technical skills depreciate quickly and technologies have short lifecycles [Randall et al. 2005] . Certifications that have high value today may lose their value in just a few years [Zeng 2004] . As a result, IT professionals should constantly update their knowledge and skill sets. This also suggests that research on the value of certifications should be an ongoing endeavor.
This study has certain limitations. First, the data was provided to us by Certification Magazine whose subscribers may not fully represent the general IT professional population. But the fact that the data was collected from both the subscribers as well as IT experts in 27 industry-leading companies moderated some of this concern, given that 38 percent of the total responses were from the latter group. In addition, since the data comes from the survey by Certification Magazine, potentially some bias toward responses from those who benefit from certification may be present. Second, using job titles/functions to operationalize the job-type variable may not be the best option. Job titles do not fully convey the nature of the job types, and various organizations use a variety of different job tittles. Therefore, future studies should collect job description data, because it is better at capturing the job type characteristics. Third, the match between job functions and certifications in Table 3 is somewhat arbitrary. Certain relevant certifications may be overlooked while certain relevant certifications may be included. Fourth, the type of degree earned is not considered due to the unavailability of such information in the supplied dataset. This is an important omission. For example, a Bachelor of Science in computer science may carry a different weight than a Ph.D. in chemistry. Fifth, we used mean values for the range items in estimating Equation [1] , which can conceal nuance variations among responses. Sixth, the sample size is very large, and even small differences in means will often become statistically significant.
The limitations also suggest possible avenues for future studies. First, job descriptions and degree types should be taken into consideration. Second, education might be better treated as a categorical variable (e.g. with a bachelor degree or not), because years of education may not necessarily be linearly related to income. Third, the timing in acquiring certain degrees and certifications may be significant. For example, certain degrees may be required for specific entrylevel positions and then acquiring a certain certification later in one's career may provide significant premiums and advancement opportunities. Finally, the underpinnings of certification value and salary premiums should be investigated. For example, does the value come from the knowledge acquired in studying for the certification, or does the value come mainly from the symbol or credential acquired?
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